Rhizophlyctis rosea is a ubiquitous, easily isolated representative of the simple nonfilamentous aquatic fungi (17). The advantages of this and similar nonfilamentous organisms for experimental morphogenesis were discussed in a recent review (3). In brief, the mature, sac-like plant of R. rosea converts its entire multinucleate protoplast into a large number of small uninucleate, uniflagellate zoospores. These zoospores undergo a variable period of motility and then germinate to produce a new uninucleate plant. This tiny plant produces rhizoids and grows by enlargement of the coenocytic spherical thallus with concomitant nuclear division, eventually repeating the process of spore discharge, to complete one cell generation. 
Rhizophlyctis rosea is a ubiquitous, easily isolated representative of the simple nonfilamentous aquatic fungi (17) . The advantages of this and similar nonfilamentous organisms for experimental morphogenesis were discussed in a recent review (3) . In brief, the mature, sac-like plant of R. rosea converts its entire multinucleate protoplast into a large number of small uninucleate, uniflagellate zoospores. These zoospores undergo a variable period of motility and then germinate to produce a new uninucleate plant. This tiny plant produces rhizoids and grows by enlargement of the coenocytic spherical thallus with concomitant nuclear division, eventually repeating the process of spore discharge, to complete one cell generation. The plant, represented by germination, provides a very useful system for a study of intracellular control mechanisms and their role in differentiation.
The zoospores of R. rosea are exceedingly active and under conditions unsatisfactory for growth may retain their motility for many hours. They possess a very high metabolic rate, as reflected by an endogenous respiratory Qo2 of 160 ,uliters of 02 per mg (dry weight) per hr (WJohn and Lovett, unpublished data), during the swimming phase, but do not show any evidence of growth. It thus seemed plausible that the zoospores might have an effective mechanism for repressing the major portion of their biosynthetic pathways, while retaining their catabolic, energy-yielding systems. It also seemed reasonable that the release of this repression could be intimately related to the triggering of morphological differentiation, i.e., germination with its concomitant retraction of the flagellum, growth of rhizoids, and other changes. Except for some work with Blastocladiella (3), virtually nothing is known concerning the physiological activities of the flagellated zoospoc-es in any of the numerous species of aquatic fungi. This paper reports a study of the ribonucleic acid (RNA) and protein metabolism in R. rosea Homogenates were centrifuged at 10,000 X g for 10 min at 4 C, and the pellet was discarded. The remaining cell-free extract was, in some experiments, used directly. In others, it was further fractionated by centrifugation in a Spinco model L preparative ultracentrifuge at 100,000 X g for 2 or 5 hr. The resulting pellet or "ribosome" fraction was suspended in TM buffer. The upper phase will be referred to as the "soluble" supernatant fraction. All the analyses described in the experimental section were carried out with one or more of the above fractions. For zone centrifugation analysis, sucrose gradients, buffered with 0.01 M TM, were prepared by the method of Britten and Roberts (2) . The linear gradients ranged from 3 to 20% sucrose, and 0.2 to 0.5 ml -of the material to be analyzed was carefully layered on the surface. The gradients were centrifuged at 4 C for 90 min at 37,000 rev/min in an SW39 swinging-bucket rotor of a Spinco model L preparative centrifuge. After centrifugation, the contents of the gradient tubes were collected in one-drop fractions. The However, after 30 min, RNA synthesis continued, with the result that at 60 min the radioactivity in the RNA fraction was approaching the total radioactivity. This increase could only have occurred at the expense of uracil-C'4 previously taken up in the pools (13) .
When the rates of uracil-C14 incorporation into "soluble" and ribosomal RNA were examined, it was found that its appearance was linear in the "soluble" fraction and nonlinear in the ribosomal fraction (Fig. 2) . The difference in rates suggested to us that the soluble fraction might represent synthesis of precursors which were subsequently incorporated into intact ribosomal particles, via a process analogous to that described by McCarthy et al. (14) Fig. 3 . > t v Figure 4 illustrates the elution profiles for 2 hr s _____t (Fig. 4a ) and 4 hr (Fig. 4b) Fig. 3 ., extracts were prepared and examined after exposure to uracil-2-C'4 over a period of 15 to 120 min. The bulk of the RNA labeled before 30 min was found in the region from 4S to 30S. After 1 hr of incubation, a detectable proportion of this label had been transferred to the ribosome peak, and by 2 hr a considerable increase was evident in this fraction, although the greatest activity was in the 50S region. These results were in substantial agreement with those obtained by DEAE-cellulose fractionation of whole-cell extracts. Both strongly suggest that much of the uracil incorporation in zoospores represents a slow synthesis of ribosomal subunits and the subsequent transformation of these to ribosomes.
An approach to the problem of RNA turnover was made by use of the antibiotic actinomycin D. This inhibitor of RNA polymerase (5, 6) has been used to demonstrate what was presumed to be the normal decay of messenger RNA in Bacillus subtilis (4, 10) . Actinomycin at a concentration of 50 ,ug/ml caused a significant inhibition of the already low RNA synthesis in zoospores (Table   1) . A concentration of 100 Lg/ml resulted in a 79% inhibition of RNA synthesis, and this could not be increased significantly even at concentrations as high as 360 Ag/ml. When 50 ,g/ml of actinomycin D was added to a suspension of zoospores, after a 25-min exposure to uracil-C-14 RNA synthesis stopped immediately. The cessation of synthesis was followed rapidly by the loss of a large amount of the previously incorporated activity (Fig. 6a) . The results given in Fig. 6b clearly show that the instability in the presence of actinomycin D decreased with time. After 1 min of synthesis, 90% of the labeled RNA was degraded in the presence of actinomycin, but after 20 min about 60% of the labeled RNA had become stable or resistant to the antibiotic. These results with actinomycin could be due, at least in part, to normal turnover; other possible interpretations will be evaluated in the Discussion.
Incorporation ofprotein precursors by zoospores. It was mentioned earlier that protein synthesis could not be detected when zoospores were analyzed during the first 4 hr for total protein by extraction and colorimetric assays. Nevertheless, as in the case of RNA, the incorporation of radioactive precursors could be demonstrated, albeit at low levels. This is clearly indicated by the data given in the first column of Table 2 . During the initial 30 min of incubation, the inhibition of synthesis by actinomycin, chloramphenicol, and puromycin was 12, 28, and 21%, respectively. For the period between 30 and 120 min, the inhibition by all three antibiotics was essentially complete (94 to 99%).
Protein synthesis does, therefore, occur in motile zoospores and is sensitive to the RNA inhibitor, actinomycin D (presumably indirectly), and the protein inhibitors, chloramphenicol and puromycin. The absolute rates were very low, and, as shown in Fig. 7a , leucine-1-C'4 was incorporated in all protein fractions in a relatively nonspecific manner. A small shoulder of radioactivity appears under the peak in optical density for the ribosomes, but there is no conclusive evidence to suggest that any significant labeling of the structural protein of ribosomes occurred. In contrast to the results obtained with leucine, methionine-methyl-Ce4 did lead to rather specific labeling of the ribosomal and soluble RNA (sRNA) fractions as well as of the soluble proteins (Fig. 7b) . Table 3 reveals that the radioactivity in the sRNA region was the result of methylation of the sRNA bases with the methyl-C14 of the methionine. It is also obvious that the activity in the ribosomal fraction was not due to methylation of the ribosomal RNA. It could, of course, represent either structural protein of the ribosomes or newly synthesized protein remaining on them. It is certainly unlikely that the aetivity could represent a significant amount of attached sRNA, since this should have appeared in-the phenol-extracted ribosomal RNA.
DIscussIoN
From the results presented above, it is obio'us that the motile zoospores of R. rosea synthesize very little RNA or protein. Our interest in tiese low rates derives primarily from the situation wherein macromolecule synthesis is repressed while energy metabolism proceeds at an active pace. In the absence of direct evidence, we z i 0) U presume that this permits the swimming spore to serve economically its primary function in the life cycle, which is dispersal, a process requiring energy for motility but not for growth. Analysis of whole spore extracts on cellulose after incorporation of amino acids. Zoospores were labeled for 4 hr with (a) leucine-J-C'4 (3.75 X 106 spores and 0.5 ,uc/ml; specific activity 10 j,c/,umole), and (b) methionine-methyl-C'4 (4.13 X 106 spores and 0.5 fisc/ml; specific activity 10 ,hc/,mole). Extracts prepared and analyzed as in Fig. 3 . Fraction size, 3.5 to 3.7 ml.
The functional significance of the low synthetic rates in zoospores still remains to be clarified. The actual amount of RNA synthesized (as estimated by isotope incorporation) represents no more than 1 to 2% of the total cellular RNA, despite the long periods of incubation. From the distribution of RNA labeling with time, it is also apparent that much, if not all, of the RNA synthesis represents a limited production of ribosomal RNA. Turnover of RNA does not appear to represent a significant fraction of the total synthesis in these cells. However, in a situation where all the rates are very low, a small messenger-like fraction undergoing relatively rapid synthesis and turnover with efficient reutilization of the released nucleotides would probably go undetected.
The rapid degradation of newly labeled RNA in actinomycin-treated bacterial cells has been interpreted by Levinthal et al. (10) (8) . If this is correct, the accumulation of this precursor could result from the depressed rate of protein synthesis and a concomitant lag in the rate at which these particles are stabilized in the form of the 57S ribosomal unit. The slow accumulation of precursors would, under this interpretation, reflect a greatly reduced rate in the later steps of ribosome assembly. The whole system is exceedingly slow and shows a much greater lag in the synthesis and assembly of ribosomal subunits than do growing E. coli cells (14) . These unstabilized (accumulated) precursors might be expected to display a sensitivity to actinomycin in the absence of active protein synthesis, similar to the instability of the RNA particles in the "relaxed control" mutants of E. coli during a step down in growth [where 25 % of the previously accumulated RNA is degraded without adding actinomycin (15) ], or in normal bacteria when protein synthesis is inhibited by chloramphenicol. Certainly, in the absence of significant protein synthesis, an interpretation of the extensive actinomycin-induced degradation of the most rapidly labeled RNA in zoospores as "messenger" turnover seems unreasonable.
It seems clear that some ribosomal RNA is produced by zoospores, but we cannot be certain from these experiments whether mRNA is synthesized. That some may be made is suggested by (i) the appearance of RNA in complete 825 ribosomes, which would necessitate some concomitant protein synthesis (as observed in Table  2 and Fig. 7) , and (ii) the inhibition of protein synthesis by actinomycin as well as by the protein inhibitors puromycin and chloramphenicol ( Table  2 ). The latter could result from turnover of existing mRNA molecules and prevention of new synthesis by actinomycin, or from actual actinomycin-induced degradation of pre-existing mRNA. The relatively slower effect of actinomycin, compared with the protein inhibitors, provides some support for the existence of at least a little messenger turnover. Only the isolation of a fraction which displays messenger characteristics, e.g., by hybridization with DNA (12), can settle the question. This is a discouraging prospect in zoospores where the messenger fraction would, at best, represent a minute quantity of RNA with very low activity.
The low rates of synthesis in zoospores may reflect the basal level required to maintain the integrity of the cell. The efficiency with which actinomycin inhibits protein synthesis encourages the concept that the rate of protein synthesis is directly regulated by the production of appropriate species of mRNA. This is in keeping with the steadily accumulating evidence to this effect from bacterial and mammalian systems. Even if this is the case, however, the mechanism(s) wbereby the normal rates of RNA synthesis are repressed in the spore remains unknown, although it is apparent that such a mechanism(s) exsts since spores do not germinate for hours even when placed in a normal growth medium.
Many questions remain concerning the actual levels of the enzymes, substrates, and cofactors necessary for the production of RNA and protein in zoospores. Still another important question concerns the presence or absence of a ribosomecontaining nuclear cap in R. rosea spores. This type of compartmentalization of the spore ribosomes in a morphologically similar species, Blastocladiella emersonil, has presented the possibility of the control of protein synthesis by an isolation mechanism (11) . The nuclear cap has been reported to be absent in R. rosea (9) , but this was based upon light microscopic observations of the tiny spores (3 to 4 A in diameter) in which the cap, if small, could be obscured by the numerous pigmented lipid granules. Since an unequivocal knowledge of its presence or absence is critical to our interpretation, the intracellular organization of zoospores at the ultrastructural level is presently under investigation. All of these questions must be answered before it will be possible to draw conclusions about the control zchanisms responsible for the repression of macromolecule synthesis in zoospores and the release of this repression at the time of germination.
